Introduction Although evidence has been provided on the associations between psychosocial work exposures and morbidity outcomes in the literature, knowledge appears much more sparse on mortality outcomes. The objective of STRESSJEM is to explore the prospective associations between psychosocial work exposures and mortality outcomes among the national French working population. In this paper, we describe the study protocol, study population, data sources, method for exposure assessment, data analysis and future plans. Methods and analysis Data sources will include: the data from the national SUMER survey from DARES on the evaluation of psychosocial work exposures and the data from the COSMOP programme from Santé publique France linking job history (DADS data from INSEE) and mortality according to causes of death (data from the national death registry, INSERM-CépiDc). A sample of 1 511 456 individuals will form the studied prospective cohort for which data are available on both job history and mortality over the period 1976-2002. Psychosocial work exposures will be imputed via a job-exposure matrix using three job title variables that are available in both the SUMER and COSMOP data sets. Our objectives will be to study the associations between various psychosocial work exposures and mortality outcomes. Psychosocial work exposures will include the job strain model factors as well as other psychosocial work factors. Various measures of exposure over time will be used. All-cause and causespecific mortality will be studied. Ethics and dissemination Both the SUMER survey and the COSMOP programme have been approved by French ethics committees. Dissemination of the study results will include a series of international peer-reviewed papers and at least one paper in French. The results will be presented in national and international conferences. This project will offer a unique opportunity to explore mortality outcomes in association with psychosocial work exposures in a large national representative sample of the working population.
IntroduCtIon
Psychosocial work exposures are critical considerations in the occupational health of working population in developed countries. Some of these exposures may be highly prevalent among working populations and their burden in terms of costs to society may be substantial. 1 2 Previous research provides convincing evidence about the associations between psychosocial work exposures and morbidity outcomes, especially cardiovascular diseases [3] [4] [5] [6] and mental disorders. [7] [8] [9] However, the literature remains sparse on the associations between these exposures and mortality outcomes. To our knowledge, to date, there has been no previous literature review and only one previous metaanalysis using individual-level data from seven cohort studies for the study of the association between work stress and all-cause mortality. 10 In addition, there are gaps in the knowledge on the effects of psychosocial work exposures on morbidity outcomes. First, most of the literature explored health outcomes that are related to cardiovascular and mental disorders. Studies are lacking on other health outcomes that may be relevant for mortality although some reviews or meta-analyses suggested that psychosocial work exposures Open access may have an impact on other health outcomes, such as type 2 diabetes, [11] [12] [13] for example. Second, most previous studies have focused on the exposures from the job strain model, 14 that is, psychological demands, decision latitude, social support and the combined exposures of job strain (high demands and low latitude) and iso-strain (job strain and low support). However, the psychosocial work environment contains a far greater variety of exposures than expressed in this model alone. Consequently, there is a need to broaden the study of the psychosocial work environment to other exposures that are not covered by the job strain model. Regarding exposure again, there is also a lack of studies exploring the temporal associations between exposure and outcome (eg, effects of cumulative exposure), as most prospective studies have relied on a single evaluation of exposure at baseline and not on integrated measures of exposure over long periods of time. Repeated measures within individuals are needed to better understand long-term exposure-outcome associations.
Studies on the associations between psychosocial work exposures and mortality are difficult to perform. Indeed, prospective studies need large sample sizes and long follow-up to be able to provide meaningful results, because mortality is a rather rare outcome in working age populations. Moreover, case-control studies of mortality are also challenging in that retrospective evaluation of exposure may be difficult to reconstruct. Linkages between various data sources which can provide both occupational exposures and mortality may be the most suitable approach to alleviate some of these difficulties. Another pertinent approach may be to apply a job-exposure matrix (JEM) that uses job title as a proxy for exposure.
The objectives of the STRESSJEM project will be to explore the prospective associations between psychosocial work exposures and mortality. In more detail, the aims of this project will be: ► to study all-cause and cause-specific mortality outcomes in association with psychosocial work exposures, ► to explore the exposures from the job strain model but also other less studied exposures, and ► to examine various measures of exposure over time.
MEthodS And AnAlySIS
The STRESSJEM project will be based on two large data sets: the first one is the data set of the national SUMER Nevertheless, some biases are still possible, for example, the underestimation of some causes of death, and this issue will be discussed in depth in the forthcoming studies for specific causes of death. Thus, the COSMOP data set is a national representative prospective cohort of 1 511 456 individuals, aged 16 or greater, born in France, followed from 1 January 1976 to 31 December 2002 for both their job history and mortality.
Study population and data source for exposure assessment JEMs will be used to provide exposure estimates for all jobs an individual may have held, as recorded in the COSMOP data set. These JEMs will be based on the SUMER data set. The SUMER survey is a national periodical survey on working conditions of French employees. The purpose of the SUMER survey is to provide a comprehensive overview of all kinds of occupational hazards (physical, chemical, biological, biomechanical and psychosocial) in France. It relies on a large network of occupational physicians who collect the data for a random sample of employees. In France, all employees are covered by occupational medicine and have a periodical medical examination with an occupational physician. In 2003, the SUMER survey was the first French national survey that evaluated psychosocial work exposures according to the job strain model, using the validated and recommended questionnaire, 15 16 as well as other psychosocial work exposures. The sample included a large national representative sample of the French working population of employees composed of 24 486 individuals (response rate: 96.5%). Details on the 2003 SUMER survey can be found elsewhere. [17] [18] [19] Using the data from the 2003 SUMER survey, a first JEM was constructed and validated for the job strain model factors, that is, psychological demands, decision latitude and social support, 20 and other JEMs will be constructed and studied for other psychosocial work exposures which are: low reward, job insecurity, temporary employment, long working hours, atypical work schedules, low predictability and workplace violence. The methods of the JEM construction based on both a segmentation method (CART) and cross-validation were described extensively in a previous publication 20 and will also be used for the construction of new JEMs. The JEM provides exposure estimates using three variables of job title: occupation and economic activity of the company both coded using the standard French classifications (PCS and NAF) and company size for men and women separately. The two first hierarchical levels of the PCS classification were used to code occupation (ie, more than 30 occupation groups) and the five hierarchical levels of the NAF classification were used to code economic activity (ie, more than 700 economic activity groups). These exposure estimates will be imputed in the COSMOP data set using the same three variables of job title, for all men and women of the data set, providing measures of exposures for each job held during the 1976-2002 period.
Mortality outcomes
All-cause mortality will be studied, as well as mortality according to specific causes of death as coded using the International Classification of Diseases (ICD). Particular attention will be given to mortality for cardiovascular diseases and suicide, which have been widely explored and demonstrated in the literature on morbidity outcomes for cardiovascular [3] [4] [5] [6] and mental health. [7] [8] [9] Other causes of death will also be investigated. Some meta-analyses have explored associations between psychosocial work exposures (mainly job strain) and rarely studied morbidity outcomes such as cancer, digestive or respiratory diseases but provided inconclusive results. [21] [22] [23] [24] The STRESSJEM project will be able to provide results on mortality for these particular diseases and confirm or not the absence of significant associations.
Psychosocial work exposures
The main and first studies will examine the exposures from the job strain model, that is, the factors of psychological demands, decision latitude, social support and the combined variables of job strain and iso-strain. These factors have been found to be risk factors for various health outcomes in morbidity studies. As evidence, all reviews and meta-analyses quoted above examined the job strain model and its components. [3] [4] [5] [6] [7] [8] [9] Other psychosocial work exposures will also be studied, such as factors which have been found to be associated with various morbidity outcomes and highlighted in reviews or metaanalyses, such as those related to job insecurity, [25] [26] [27] temporary employment, 28 long working hours [29] [30] [31] [32] and workplace violence. 33 34 Other understudied exposures will be considered such as lack of predictability. 35 Calculation of exposure over time Because there has been only limited research on the temporal associations between exposure and health or mortality outcomes, three time-varying measures of exposure will be constructed using all jobs held within the 1976-2002 period, with the results of parallel analyses cross-compared: 1. Current exposure: the exposure will be related to the exposure of the job at time i, and if an individual is not working in the DADS scope (ie, unemployed, retired, or working outside the DADS scope) at time i, the information will be midcensoring, which means that only time periods with a job in the DADS scope will be considered (see also statistical methods section). 2. Cumulative exposure using past and current exposures of all jobs until time i: an average measure at time i will be calculated using the estimates of exposure and the time spent in all jobs up to and including time i. This measure will allow to take account of all information available for each individual, allowing time variation in the total time spent in jobs between individuals. If an individual is not working in the scope of the DADS, then the last estimate of exposure will be carried forward until the next job, death or end of follow-up. Such a measure of cumulative exposure makes the assumption of cumulative and irreversible effects. 3. Recency-weighted cumulative exposure using both past and current exposures and the time elapsed since the exposure: this measure will allow to use weights representing the relative importance of exposure as a function of the time elapsed since exposure, with higher weights assigned to more recent exposures. 36 We will use the assumption from a previous study 37 to define the weights and will assume that psychosocial work exposure effects would persist for a period of up to 5 years after the end of exposure and thus would decrease linearly over a 5-year period to be null after 5 years.
As cumulative exposure and recency-weighted cumulative exposure are time-weighted average measures, the unit of these two measures will be the same as the unit of the current exposure measure (eg, a score with the same range).
We will also attempt to investigate and construct other measures of exposure over time and compare the results, such as, for example, absolute duration of exposure or peak of exposure among the subsample of those who Open access were working during the same length of time, without any interruption, for example, within a period of 5 or 10 years.
Statistical methods
The HR of mortality will be estimated according to the studied exposures using Cox proportional hazards models. The studied exposures will be time-dependent variables. Data for each individual will be converted into time intervals, each time interval corresponding to a job or a period outside the DADS scope. Each time interval will have start and stop dates. Within each time interval in a given job, the exposures will be kept constant, based on the corresponding estimates derived from the JEM. Age will be used as the time scale. Calendar time will be included as an adjustment variable. Four occupational variables related to biomechanical, physical, chemical and biological exposures imputed through JEMs using the three job title variables of occupation, economic activity and company size will also be included as adjustment variables. We will use a model with delayed entry. Individuals will enter the cohort on 1 January 1976 if they already have a job or when they start a first job within the 1976-2002 period.
For the three exposure measures described above, we will use mortality until the end of last job, to study mortality during time intervals with a job in the DADS scope (called 'on-the-job' mortality); thus in this analysis, the follow-up will end at the time of death or at the end date of the last job within the 1976-2002 period, or at the end of follow-up (31 December 2002) if still working at this time, whichever comes first.
For the two measures of cumulative exposure, as delayed effects may be expected, a second analysis will be performed in which the follow-up will end at the time of death or on 31 December 2002, whichever comes first.
Comparisons between the models according to the exposure measure will be performed to identify the model with the best relative quality using Akaike Information Criterion (AIC).
Finally, we will calculate the fractions of mortality attributable to the studied psychosocial work exposure in France with Pe being the prevalence of exposure (proportion of the population exposed) and HR being the HR for mortality associated with exposure 38 :
AF=Pe(HR-1)/[1+Pe(HR-1)]. Attributable fractions (AFs) produce an estimate of the fraction of cases that is 'attributable to an exposure in a population and that would not have been observed if the exposure had been non-existent'. 39 Pe will be estimated by the weighted prevalence of exposure using the data of the SUMER survey. HR will be estimated by the results from the present project. Simulation-modelling techniques will be used to obtain CIs for AFs, as previously described. 40 The annual number of deaths attributable to exposure among the French population of working age will be calculated by applying the estimated AF on the total number of deaths in the French population from the data of INSERM-CépiDc.
All analyses will be performed separately for men and women, and on the total sample of men and women to test gender-related interactions.
Sensitivity analyses
Sensitivity analyses will be performed to test the robustness of the results: ► Using scores for the measure of exposure instead of binary variables ► Performing additional adjustment for the large groups of occupations (the first level of the standard French classification) ► Imputing the lowest level of exposure in case of multiple job-holder instead of the highest level of exposure (only 3% of the sample had more than one job at the same time) ► Studying mortality until 2005 as mortality data were collected until the end of 2005 whereas job history is available until 2002 only.
Planned start and end dates for the study
The study has already begun with the construction, validation and publication of a first JEM for the job strain model factors. 20 The study is likely to end at the end of 2020 or mid-2021 at the latest.
First findings
The studied sample includes 1 511 456 individuals, including 806 513 men and 704 943 women. The mean age at entrance in the cohort was 28 years for men and 27 for women, and the mean age at the end of follow-up (ie, 31 December 2002 or at the time of death) was 45 years for men and 44 for women, that is, a mean follow-up duration of 17 years. Within the 1976-2002 period, 89 639 deaths occurred among men and 29 218 occurred among women. Among the total sample of 1 511 456 individuals, we have not been able to impute the exposures of the job strain model from the JEM for 15 124 individuals (ie, 1%) because of missing data for one or more job title variables, and/or start or end dates of job. The sample has thus been reduced to 1 496 332 individuals, including 798 547 men and 697 785 women. The description of the sample for the job strain model exposures of the first and last jobs held within the 1976-2002 period is presented in table 1. Women were more likely to be exposed to high demands, low latitude, low support, job strain and isostrain than men. Men were more likely to be exposed to low strain (low demands and high latitude). Changes over time were observed as the prevalence of high psychological demands increased but the prevalence of exposure to low decision latitude, low social support, job strain and iso-strain decreased over the study time period (p<0.001).
dISCuSSIon
In the STRESSJEM project, we aim to explore the prospective associations between psychosocial work exposures Open access and mortality outcomes in a large national representative sample of the French working population of employees. Various types of exposures and various measures of exposure over time will be studied. The outcomes will be all-cause mortality and cause-specific mortality. Taking advantage of two separate and large data sets that will be used and linked using JEMs, we will also be able to estimate fractions of mortality attributable to psychosocial work exposures.
Strengths and limitations
Many strengths of our study deserve to be mentioned. The studied sample will be very large and by far the largest to date in the literature on this topic. The project will rely on national representative data making the generalisation of the results possible to the target population. Furthermore, men and women will be studied separately and genderrelated interactions will be tested, following good practice in the field of occupational health. 30 The follow-up for both exposure and outcome will be very long, up to 26 years. As the project will be based on routine data, there will be no response, participation or selection bias. Likewise, there will be no individuals lost to follow-up and consequently no attrition bias. There will be no reporting bias, as data for mortality is collected routinely and exposure will be derived from JEMs constructed using another national representative data set. Mortality is an objective outcome, and is provided by the French national death registry. An additional strength will be the study of various measures of exposure over time. Sensitivity analyses will be performed to explore the robustness of the results. Finally, to our knowledge, it will be the first study to provide comparison between various measures of exposure in relation to time, and also one of the first studies to give estimates of the fractions of mortality attributable to psychosocial work exposures. A number of limitations should, however, be acknowledged. As the project will rely on routine data, the number of variables will be limited and confounding bias cannot be ruled out. Age will be taken into account as the time scale in the Cox models. The available adjustment/stratification variables will be gender, calendar time and other occupational exposures (biomechanical, physical, chemical and biological exposures). These last adjustment variables may be a way to control for other occupational exposures at the workplace, and indirectly for social position as these exposures may be strongly Open access related to socioeconomic status. Occupation will be taken into account as adjustment variable in the sensitivity analysis only. Indeed, because exposure assessment will be derived from JEMs using occupation among the job title variables, adjusting for occupation can be considered as an overadjustment. As we will use JEMs, there will also be the inherent limitations of this method, that is, no within group variance, potential non-differential misclassification and lack of precision in the evaluation of exposure. These limitations tend to lead to a reduced statistical power and to an underestimation of the association between exposure and outcome (bias towards the null hypothesis), suggesting that our results would be conservative. The DADS scope covers 80% of jobs in France, as the other 20% are covered by other systems related to selfemployed workers, public sector employees, etc. Consequently, there will be missing information about exposure for any job not in the DADS scope and the measures of cumulative exposures would be affected slightly by this absence of information. There will also be a time lag between exposure assessment (SUMER data, 2003) and the time period of the job history data (COSMOP data, 1976 (COSMOP data, -2002 . The 2003 SUMER survey was the first edition of the periodical SUMER survey to include the validated and recommended questionnaire of the job strain model factors among the whole national French working population. We would argue that our exposure estimates will be reasonably representative of the whole study period. We showed in a previous publication 20 that there may be changes in JEMs for the job strain model factors over the 2003-2010 period. These changes affected more the absolute values of exposure estimates than the relative position (rank) of occupations, economic activities and company sizes. In addition, we may assume that these changes may be more marked during economic crisis (such as the 2008 crisis) and for specific exposures (job insecurity for example). As some data for other psychosocial work exposures (workplace violence for example) may be available before 2003 (in the 1994 SUMER data, for example), we will be able to perform a sensitivity analysis to check the validity of our assumption. Finally, as our study will be based on the 1976-2002 time period, it will not be possible to evaluate exposures over the complete working life course.
Ethics and dissemination
Ethical permissions were granted by French ethics committees: Commission Nationale de l'Informatique et des Libertés (no 762430V1 and no 04-1274) and Conseil National de l'Information Statistique (no 2009X705TV). A series of papers will be planned on the prospective associations between psychosocial work exposures and mortality outcomes, and will be submitted to international peer-reviewed scientific journals. These papers will offer the results of the studies according to the studied exposure and outcome. At least one paper will be published in French for a French audience. The results will be presented in national and international conferences.
ConCluSIon And PolICy IMPlICAtIonS
We believe that the STRESSJEM project will substantially expand our understanding of the associations between psychosocial work exposures and mortality outcomes. Despite the presence of some limitations, the project will have a large number of strengths including very large sample size, long follow-up and the absence of response, participation, selection, reporting and attrition biases and can be considered as one of the major projects on this topic to date. Finally, to help application of findings to policy and practice, this project will also provide the first estimates of the burden of psychosocial work exposures on mortality in the working population via the calculation of AFs.
